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Abstract
Background: Ventricular septal rupture (VSR) secondary to blunt chest trauma is rare and associated with a diverse
range of symptoms and clinical courses as well as disease severity. We present a case of traumatic VSR in which
rapid progression of heart failure was observed in spite of relatively low pulmonary to systemic blood flow (Qp/Qs)
ratio.
Case presentation: A 40-year-old male was transported to the emergency department approximately 12 h after
blunt chest trauma. VSR was diagnosed by echocardiography, and right heart catheterization revealed a Qp/Qs ratio
of 1.52. Although medical treatment was initially attempted, subsequent rapid progression of heart failure
necessitated emergent surgical repair of VSR.
Conclusions: Because small, asymptomatic VSR often close spontaneously, surgical repair of traumatic VSR is
indicated when the shunt rate is relatively large or heart failure is present. However, the present case highlights the
need to consider emergent surgical repair of traumatic VSR, even when the shunt rate is relatively small.
Keywords: Ventricular septal rupture, Blunt chest trauma, Low shunt rate, Emergency surgical closure, Early
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Background
Secondary ventricular septal rupture (VSR) is a well-
known complication of myocardial infarction. In the
current myocardial reperfusion era, incidence rates of
VSR complicating myocardial infarction are <1 % [1]. In
contrast, secondary VSR following blunt chest trauma is
rare. Traumatic VSR is associated with various symp-
toms and clinical courses as well as disease severity.
Although small defects may be treated conservatively,
the timing of surgical repair is sometimes disputed. We
report a case of traumatic VSR that required emergent
surgical repair despite a relatively small shunt ratio.
Case presentation
A 40-year-old male presented with palpitations immedi-
ately after he was struck across the chest during a fight
and was transported to the emergency department ap-
proximately 12 h after the injury. He did not complain
of chest pain. On arrival, his heart rate was 130 beats/
min and blood pressure was 115/87 mmHg. A grade 5/6
holosystolic murmur that was most prominent in the
fifth intercostal space in the left parasternal region was
noted. Chest computed tomography showed no pulmon-
ary contusions, pneumothorax, rib fractures, or pericar-
dial fluid. Creatinine kinase (CK) levels were raised
[total CK, 1098 U/L; creatinine kinase with muscle and
brain subunits (CK-MB) fraction, 101 U/L]. Electrocar-
diogram showed sinus tachycardia with a complete right
bundle branch block. Transthoracic echocardiograph re-
vealed a longitudinal slit within the ventricular septum
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and a significant left-to-right shunt (Figs. 1 and 2). The
pulmonary to systemic blood flow ratio (Qp/Qs) mea-
sured by right heart catheterization was 1.52, and the
presence of VSR was confirmed by a significant step-up
in blood oxygen saturation at the level of right ventricle.
Because the Qp/Qs ratio was relatively small and there
were no apparent signs of heart failure, medical treat-
ment was initially attempted. However, approximately 30
h after the injury, he presented with low oxygen satur-
ation and pulmonary edema. Mechanical ventilation,
inotropic agents, and an intra-aortic balloon pump were
required to maintain the hemodynamic stability of the
patient. Despite of these intensive treatments, his blood
pressure did not change (95/71 mmHg) and pulmonary
arterial pressure gradually increased (from 20 to 38
mmHg). Because a cardiogenic shock state was pro-
longed, we performed emergent surgical repair on day 2,
and VSR was directly closed. Postoperatively the patient
remained in heart failure that was refractory to intensive
medical treatment, and a residual left-to-right shunt was
revealed by echocardiography. We therefore performed a
second surgery on day 37, and the defect was closed
using a patch. After the second operation, no residual
shunt was detected, and the patient’s heart failure com-
pletely resolved. The patient was transferred to another
hospital for rehabilitation on day 74.
In a series of 207,548 autopsy cases, 546 had nonpene-
trating traumatic injury to the heart, among which five
cases of isolated VSR were identified [2]. Because of the
rarity of this disease condition and the remarkable vari-
ability in its severity, the optimal therapeutic strategy for
traumatic VSR is not well established. Specifically, the
indication of emergent surgical repair of VSR is some-
times disputed. Previous reports suggest that emergent
surgery for traumatic VSR should be considered when
Qp/Qs exceeds 2.0 or heart failure is present, in part be-
cause small VSRs often close spontaneously [3, 4]. The
present case however suggests that emergent surgical re-
pair of traumatic VSR should be considered because
rapid hemodynamic collapse that necessitates early clos-
ure of the VSR can be observed despite a relatively low
shunt ratio.
Although the precise mechanism responsible for the
development of traumatic VSR is unclear, two possible
explanations, early mechanical rupture and delayed in-
flammatory rupture, are proposed. Early mechanical rup-
ture may occur when a sudden high pressure tears the
ventricular septum at the end-diastole when the ventricles
are filled and valves are closed [5]. Delayed inflammatory
rupture may be caused by defective microcirculation
associated with myocardial contusion, leading to necrosis
and subsequent rupture of ventricular septum [6]. It is
possible that early mechanical rupture causes sudden
hemodynamic overload, whereas delayed inflammatory
rupture causes gradual hemodynamic changes, leading to
more frequent decompensation in patients diagnosed in
the early phase. Consistent with this notion, it was previ-
ously described that patients with traumatic VSR diag-
nosed within 48 h after injury were more likely to require
emergent surgery and associated with a higher mortality
compared with those diagnosed after 48 h of injury [7].
VSR was diagnosed approximately 12 h after injury in the
present case, suggesting that VSR was caused by early
mechanical rupture and resulted in rapid progression of
circulatory failure despite relatively small Qp/Qs ratio. In
contrast, in one case report of traumatic VSR in which
VSR was diagnosed 11 days after the injury, the patient
was discharged without surgical repair, although the shunt
ratio in this case (Qp/Qs = 1.52 as measured by echocar-
diography) was comparable with that of our patient [8].
These observations suggest that special care should be
taken when traumatic VSR is diagnosed in the early phase.
Various operative procedures have been developed for
VSR. In the present case, the first VSR repair was per-
formed by direct closure through the right ventricle, and
the second repair was done by patch closure through the
Fig. 1 Transthoracic echocardiogram demonstrating the left
ventricle (LV), right ventricle (RV), and ventricular septal rupture (VSR)
Fig. 2 Color Doppler showing left-to-right shunt
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left ventricle. The recurrence of VSR following the first
repair is presumably due to direct closure and the col-
lapse of the friable tissue surrounding the site of the dir-
ect closure. The risk of VSR recurrence is thought to be
relatively high in emergency operations because of the
fragility of the myocardial tissues. Thus, the operative
approaches and the repair methods for VSR need to be
carefully determined in each case, particularly in the
acute phase.
Conclusions
VSR is a rare but serious complication of blunt chest
trauma. When VSR is diagnosed in the early phase, the
possibility of early progression of heart failure and emer-
gent surgical repair of VSR need to be considered even
when the defect is relatively small.
Consent
Written informed consent was obtained from the patient
for the publication of this case report and any accom-
panying images. A copy of the written consent is avail-
able for review by the Editor-in-Chief of this journal.
Abbreviations
VSR: Ventricular septal rupture; CK: Creatinine kinase; CK-MB: Creatinine kinase
with muscle and brain subunits; Qp/Qs: Pulmonary to systemic blood flow ratio.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
KM designed the report and completed the manuscript. KM, CT, and SY were
in charge of patient care. TO and NM operated on the patient and were
responsible for the postoperative care as well. TO, RY, and IS revised the
manuscript, and IS supervised all the work. All the authors have read and
approved the final manuscript.
Authors’ information
MK is affiliated with the Japanese Circulation Society and Japanese College
of Cardiology.
Acknowledgments
The authors have no funding, financial relationships, or conflicts of interest
to declare. We thank the medical care staff of the circulation team of Kansai
Medical University Hirakata Hospital for their dedication in patient care and
helping with the data collection.
Author details
1Department of Medicine II, Kansai Medical University, Hirakata, Japan.
2Department of Thoracic and Cardiovascular Surgery, Kansai Medical
University, Hirakata, Japan. 3Department of Cardiology, Rakusai New Town
Hospital, Kyoto, Japan.
Received: 31 December 2015 Accepted: 5 April 2016
References
1. Crenshaw BS, Granger CB, Birnbaum Y, Pieper KS, Morris DC, Kleiman NS,
et al. Risk factors, angiographic patterns, and outcomes in patients with
ventricular septal defect complicating acute myocardial infarction. GUSTO-I
(Global Utilization of Streptokinase and TPA for Occluded Coronary Arteries)
Trial Investigators. Circulation. 2000;101:27–32.
2. Parmley LF, Manion WC, Mattingly TW. Nonpenetrating Traumatic Injury of
the Heart. Circulation. 1958;18:371–96.
3. Pirzada FA, McDowell JW, Cohen EM, Saini VK, Berger RL. Traumatic
ventricular septal defect. Sequential hemodynamic observations. N Engl J
Med. 1974;291:892–5.
4. Pesenti-Rossi D, Godart F, Dubar A, Rey C. Transcatheter closure of traumatic
ventricular septal defect: an alternative to surgery. Chest. 2003;123:2144–5.
5. Bright EF, Beck CS. Nonpenetrating wounds of the heart: a clinical and
experimental study. Am Heart J. 1935;10:293–321.
6. Williams GD, Hara M, Bulloch R. Traumatic ventricular septal defects. Am J
Cardiol. 1966;18:907–10.
7. Ryan L, Skinner DL, Rodseth RN. Ventricular septal defect following blunt
chest trauma. J Emerg Trauma Shock. 2012;5:184–7.
8. Kim NY, Kwon TJ, Park JR, Choi HC, Cheon YH, Kang MK, et al. Delayed
ventricular septal rupture following blunt chest trauma. Korean Circ J.
2011;41:625–8.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Murakawa et al. Journal of Cardiothoracic Surgery  (2016) 11:57 Page 3 of 3
